We compute the one-loop supersymmetric ͑SUSY͒ contributions to the weak charges of the electron (Q W e ), 
I. INTRODUCTION
The search for physics beyond the standard model ͑SM͒ of electroweak and strong interactions is a primary objective for particle and nuclear physics. Historically, parity-violating ͑PV͒ interactions have played an important role in elucidating the structure of the electroweak interaction. In the 1970s, PV deep inelastic scattering ͑DIS͒ measurements performed at the Stanford Linear Accelerator Center ͑SLAC͒ confirmed the SM prediction for the structure of weak neutral current interactions ͓1͔. These results were consistent with a value for the weak mixing angle given by sin 2 W Ϸ1/4, implying a tiny V͑electron͒ϫA͑quark͒ neutral current interaction. Subsequent PV measurements-performed at both very low scales using atoms as well as at the Z pole in e ϩ e Ϫ annihilation-have been remarkably consistent with the results of the SLAC DIS measurement ͓1͔.
More recently, the results of cesium atomic parityviolation ͑APV͒ ͓2͔ and deep inelastic -( -) nucleus scattering ͓3͔ have been interpreted as determinations of the scale dependence of sin 2 W . The SM predicts how this quantity should depend on the momentum transfer squared (q 2 ) of a given process. 1 The cesium APV result appears to be consistent with the SM prediction for q 2 Ϸ0, whereas the neutrino DIS measurement implies a ϩ3 deviation at ͉q 2 ͉ ϳ20 (GeV/c) 2 . If conventional hadron structure effects are ultimately unable to account for the NuTeV ''anomaly,'' the results of this precision measurement would point to new physics. In light of this situation, two new measurements involving polarized electron scattering have taken on added interest: PV Möller ͑ee͒ scattering at SLAC ͓4͔ and elastic, PV ep scattering at the Jefferson Lab ͑JLab͒ ͓5͔. In the absence of new physics, both measurements could be used to determine sin 2 W at the same scale ͓͉q 2 ͉Ϸ0.03 (GeV/c) 2 ͔-falling between the scales relevant to the APV and neutrino DIS measurements-with comparable precision in each case 2 (⌬ sin 2 W Ϸ7ϫ10 Ϫ4 ). Any significant deviation from the SM prediction for sin 2 W at this scale would provide striking evidence for new physics, particularly if both measurements report a deviation. On the other hand, agreement would imply that the most likely explanation for the neutrino DIS result involves hadron structure effects within the SM.
In this paper, we analyze the prospective implications of the parity-violating electron scattering ͑PVES͒ measurements for supersymmetry ͑SUSY͒. Although no supersymmetric particle has yet been discovered, there exists strong theoretical motivation for believing that SUSY is a component of the ''new'' standard model. For example, the existence of low-energy SUSY is a prediction of many string theories; it offers a solution to the hierarchy problem; and it results in coupling unification close to the Planck scale. In addition, if R parity is conserved ͑see below͒, SUSY provides an excellent candidate for cold dark matter, the lightest neutralino ͑see Ref. ͓7͔ for a review͒. The existence of such dark matter is required in most cosmological models. In light of such arguments, it is clearly of interest to determine what insight about SUSY, if any, the new PVES measurements might provide.
In the simplest version of SUSY-the minimal supersymmetric standard model ͑MSSM͒ with conserved R parity ͓8͔-low-energy precision observables experience SUSY only via tiny loop effects involving virtual supersymmetric particles. The requirement of baryon minus lepton number (BϪL) conservation leads to conservation of the R-parity quantum number, P R ϭ(Ϫ1) 2Sϩ3(BϪL) , where S denotes spin. Every SM particle has P R ϭϩ1 while the corresponding superpartner, whose spin differs by 1/2 unit, has P R ϭ Ϫ1. Conservation of P R implies that every vertex has an even number of superpartners. Consequently, for processes like ee→ee and ep→ep, all superpartners must live in loops, which generate corrections-relative to the SM amplitude-of order (␣/)(M /M ) 2 ϳ10 Ϫ3 ͑where M denotes a SM particle mass and M is a superpartner mass͒. Generally speaking, then, low-energy experiments must probe an observable with a precision of few tenths of a percent or better in order to discern SUSY loop effects. Lowenergy charged current experiments have already reached such levels of precision, and the corresponding implications of these experiments for the MSSM have been discussed elsewhere ͓9͔.
In the case of PV ee and elastic ep scattering, the precision needed to probe SUSY loop effects is roughly an order of magnitude less stringent, owing to a fortuitous suppression of the SM PV asymmetries, A LR . At leading order in q 2 , the A(e)ϫV( f ) contributions to A LR are governed by Q W f , the ''weak charge'' of the target fermion, f. The weak charge of a particle f is defined as the strength of the effective A(e)ϫV( f ) interaction:
At tree level in the SM the weak charges of both the electron and the proton are suppressed: Q W p ϭϪQ W e ϭ1Ϫ4 sin 2 W Ϸ0.1. One-loop SM electroweak radiative corrections further reduce this tiny number, leading to the predictions Q W e ϭϪ0.0449 ͓6,10͔ and Q W p ϭ0.0716 ͓6͔. The factor of տ10 suppression of these couplings in the SM renders them more transparent to the possible effects of new physics. Consequently, experimental precision of order a few percent, rather than a few tenths of a percent, is needed to probe SUSY loop corrections. ͑Theoretical uncertainties associated with QCD corrections to Q W e,p are considerably smaller ͓6,10͔.͒ In analyzing these SUSY loop contributions to Q W e,p , we carry out a model-independent treatment, avoiding the choice of a specific mechanism for SUSY-breaking mediation. While most analyses of precision electroweak observables have been performed using one or more widely used models for SUSY-breaking mediation, the generic features of the superpartner spectrum implied by such models may not be consistent with precision data ͓9͔. Consequently, we wish to determine the possible impact of SUSY on the two PVES measurements for all phenomenologically acceptable choices of the MSSM parameters, even if such choices lie outside the purview of standard SUSY-breaking models. In doing so, we follow the spirit of Ref. ͓11͔ , where a similar analysis of SUSY loop effects in ( )-nucleus scattering was performed.
In the case of PV electron scattering, we find that the magnitude of SUSY loop effects could be as large as the proposed experimental uncertainties for the Q W e and Q W p measurements ͑8% and 4%, respectively ͓4,5͔͒. Moreover, the relative sign of the effect ͑compared to the SM prediction͒ in both cases is correlated-and positive-over nearly all available SUSY parameter space. To our knowledge, such correlation is specific to the MSSM ͑with R-parity conservation͒, making it a potential low-energy signature of this new physics scenario. We also find that the SUSY loop effects on Q W Cs , the weak charge of the cesium atom measured in APV, are much less pronounced. Thus, the present agreement between the experimental value for Q W Cs and the SM prediction does not preclude the presence of relatively large effects in the PV electron scattering asymmetries.
We also investigate a scenario where P R is not conserved. We find that, in contrast to the P R -conserving SUSY, the relative sign of the effect ͑compared to the SM prediction͒ is always negative for Q W e and can have either sign for Q W p , with the positive sign being somewhat more likely than the negative sign. The potential magnitude of the effects are considerably larger than those generated by SUSY loops. In principle, then, a comparison of Q W e and Q W p can potentially establish whether or not R parity is violated within a SUSY extension of the SM. Having an answer to this question would have consequences reaching beyond the realm of accelerator physics. For instance, if P R is violated in PVES, then the lepton number is not conserved, thereby implying that neutrinos have Majorana masses and making neutrinoless double beta decay possible ͑see, e.g. Ref.
͓12͔͒. R-parity violation also renders the lightest supersymmetric particle unstable, thus eliminating SUSY dark matter, which has significant implications for cosmology ͓7͔.
Our discussion of these points is organized as follows. After briefly reviewing the minimal supersymmetric standard model in Sec. II, we discuss the structure of the one-loop radiative corrections to Q W e,p in Sec. III and the tree-level P R -violating contributions in Sec. IV. The analysis of the prospective implications of the parity-violating electron scattering measurements for supersymmetry is presented in Sec. V. We conclude in Sec. VI. Appendix A lists the counterterms for the effective PVES Lagrangian of Eq. ͑1͒ necessary for renormalization of the one-loop radiative corrections to the weak charges. In Appendix B we explicitly prove that gluino loops do not contribute to Q W p . In Appendix C we give complete expressions for all process-dependent one-loop SUSY corrections to the ep and ee scattering; expressions for process-independent contributions are given in the appendixes of Ref. ͓11͔.
II. MSSM PARAMETERS
The content of the MSSM has been described in detail elsewhere ͓8͔, so we review only a few features here. which mix f L and f R into mass eigenstates f 1,2 . In our analysis, we take the sfermion mass matrices to be diagonal in flavor space to avoid large flavorchanging neutral currents. We also set all CP-violating phases to zero. One expects the magnitude of the SUSYbreaking parameters to lie somewhere between the weak scale and ϳ1 TeV. Significantly larger values can reintroduce the hierarchy problem. Theoretical models for SUSY-breaking mediation provide relations among this large set of soft SUSY-breaking parameters, generally resulting in only a few independent parameters at the SUSY-breaking or GUT scale ͓14͔. Evolution of the soft parameters down to the weak scale introduces flavor and species dependence into the superpartner spectrum due to the presence of Yukawa and gauge couplings in the renormalization group ͑RG͒ equations. According to the modelindependent analysis of Ref. ͓9͔, however, generic features of this spectrum implied by typical SUSY-breaking models and RG evolution may conflict with the combined constraints of low-energy charged current data, M W , and the muon anomalous magnetic moment unless one allows for non-conservation of P R . In light of this situation, we adopt here a similar model-independent approach and do not impose any specific relations among SUSY-breaking parameters. To our knowledge, no other model-independent analysis of MSSM corrections to PV observables has appeared in the literature, nor have the complete set of corrections to low-energy PV observables been computed previously ͑see, e.g. Ref.
͓15͔ for a study within minimal supergravity and gauge mediated models of SUSY breaking͒.
III. RADIATIVE CORRECTIONS TO Q W f
With higher-order corrections included, the weak charge of a fermion f can be written as
where I 3 f and Q f are, respectively, the weak isospin and the electric charge of the fermion f. The quantities PV and PV are universal in that they do not depend on the fermion f under consideration. The correction f , on the other hand, does depend on the fermion species. At tree level, one has PV ϭ1ϭ PV and f ϭ0, while at one-loop order, these parameters are
where the SUSY contributions to PV , PV , and f are denoted in the above equation by the corresponding superscript. In general, the corrections ␦, ␦, etc. depend on q 2 , and in particular, the q 2 dependence of PV defines the scaledependence of the weak mixing angle:
W being evaluated at some reference scale q 0 2 ͑usually q 0 2 ϭM Z 2 ). The precise definitions of sin 2 W , PV (q 2 ), etc. depend on one's choice of renormalization scheme. We evaluate the SUSY contributions using the modified dimensional reduction renormalization scheme (DR) ͓16͔ and denote all quantities evaluated in this scheme by a hat. In DR, all momenta are extended to dϭ4Ϫ2⑀ dimensions, while the Dirac algebra remains four dimensional as required by SUSY invariance. The relevant classes of Feynman diagrams are shown in Fig. 1 . Note that all gauge boson self-energies contribute only to PV and PV while all non-universal box diagrams as well as vertex and external leg corrections are combined in f . The counterterms for the effective PVES Lagrangian in Eq. ͑1͒ in the DR scheme are given in Appendix A. The Z boson self-energy contribution ͑Fig. 1a͒ simply rescales the leading order amplitude. Its effect is naturally combined with the counterterm ␦Ĝ from Eq. ͑A2͒ into PV :
͑4͒
where the Z boson self-energy is evaluated at q 2 ϭ0. This is an appropriate approximation in this case because the momentum transfer in ee and ep scattering will be much smaller than the masses of the particles that appear in the loop graphs. The error is of the order ͉q 2 ͉/M Z 2 ϳ10 Ϫ6 , which is negligible. The quantity ␦ VB denotes the sum of electroweak vertex, external leg, and box graph corrections to the muon decay amplitude, which must be subtracted when the neutral current ͑NC͒ amplitudes are normalized to G .
The graphs Fig. 1͑b͒ ,1͑c͒ contribute to PV in Eq. ͑2͒. The expression is
where F A e (q 2 ) is the parity-violating electron-photon form factor, which-at q 2 ϭ0-is known as the anapole moment of the electron ͓see Eq. ͑12͔͒.
3 It should be noted that in the MSSM one has ⌸ Z␥ SUSY (q 2 )ϳq 2 , so there is no singularity at q 2 ϭ0 in the above equation ͓17͔. The SM contribution contains a singularity that is canceled by a corresponding singularity in the anapole moment contribution ͑Fig. 1c͒. Since in the following we consider only the new physics contributions, this issue is irrelevant ͑a complete treatment of the SM contributions is given in Refs. ͓6,10,18͔͒. The shift ␦ŝ 2 in
arises from its definition in terms of ␣, G , and M Z : 
͑7͒
In computing the SUSY corrections to the weak charges one must decide which value for ŝ 2 to use. Since ␦ŝ SUSY 2 has already been absorbed into PV one must determine ŝ 2 from Eq. ͑6͒ using the SM radiative corrections only. The corresponding value extracted using only ␣, G , and M Z is ͓12͔:
In order to incorporate constraints from existing precision data ͑see Sec. V͒, it is useful to introduce the oblique parameters S, T, and U ͓19͔:
where the superscript ''New'' indicates that only the new physics contributions to the self-energies are included. Contributions to gauge-boson self-energies can be expressed entirely in terms of the oblique parameters S, T, and U in the limit that M NEW ӷM Z . However, since present collider limits allow for fairly light superpartners, we do not work in this limit. Consequently, the corrections arising from the photon self-energy (⌸ ␥␥ ) and ␥-Z 
where ⌬␣ is the SUSY contribution to the difference between the fine structure constant and the electromagnetic coupling renormalized at ϭM Z : ⌬␣ ϭ͓␣ (M Z )Ϫ␣͔ SUSY . As noted above, we take q 2 →0 in our analysis. The non-universal contribution to the weak charge is determined by the sum of the renormalized vertex corrections Fig. 1͑d͒ ͓see Eq. ͑A6͔͒ and the box graphs ␦ Box e f in Fig. 1͑e͒ ͓see Eq. ͑C15͔͒:
where g V,A f are given in Eq. ͑A3͒.
Finally, we note that by vector current conservation, ␦Q W p can be computed directly from the shifts in the up-and down-quark weak charges:
The analogous relation in the SM is modified by non-perturbative strong interactions in the Z␥ box graph ͓6͔. The latter arise because the loop contains a massless particle, rendering the corresponding loop integral sensitive to both low and high momentum scales. In contrast, the SUSY radiative corrections are dominated by large loop momenta, and nonperturbative QCD corrections are suppressed by (⌳ QCD /M SUSY ) 2 Ӷ1.
One-loop SUSY Feynman diagrams
Here, we present the SUSY one-loop diagrams that are particular to PVES. Such diagrams correspond to the generic corrections shown in Figs. 1͑c͒, 1͑d͒ , and 1͑e͒. Contributions corresponding to Figs. 1͑a͒ and 1͑b͒ are universal, and the relevant diagrams-together with the external leg corrections for all fermions-are given in Ref. ͓11͔ . In addition, some simplifications occur in the analysis for PVES that do not arise in general. In the case of charged current observables, for example, gluino loops can generate substantial corrections ͓9,11͔. In contrast, gluinos decouple entirely from the one-loop MSSM corrections to semi-leptonic neutral current PV observables. The proof of this statement is given in Appendix B. In addition, the MSSM Higgs contributions to vertex, external leg, and box graph corrections are negligible due to the small, first-and second-generation Yukawa couplings. The light Higgs contribution to gauge boson propagators has already been included via the oblique parameters, while the effects of other MSSM Higgs bosons are sufficiently small to be neglected ͓20͔. Therefore, we do not discuss gluino and Higgs contributions in the following.
Anapole moment corrections, corresponding to Fig. 1(c) . In the presence of parity-violating interactions, higher-order contributions can generate the photon-fermion coupling of the form ͑see, e.g. Ref. ͓21͔͒:
where f is a fermion spinor, is the photon polarization, and F A f (q 2 ) is the anapole moment form factor. The quantity F A f (q 2 ) is, in general, gauge dependent. This dependence cancels after the anapole moment contribution is combined with other one-loop corrections to the given scattering process ͓21͔. The Feynman diagrams that contribute to F A e (q 2 ) SUSY are shown in Fig. 2 , and the analytical expressions are presented in Appendix C.
Vertex corrections, corresponding to Fig. 1(d) . The relevant diagrams are shown in Figs. 3 and 4 . The diagrams in Fig. 3 cover ee, ed, and eu scattering when the radiative correction is for the projectile side. When the radiative correction is to be applied to the target side, the diagrams in Fig.  3 can also be used for ee and ed scattering. In this case f ϭe is the projectile. To obtain the corrections to the down quark vertex, the electron can simply be replaced with the down quark. The diagrams in Fig. 4 show the radiative corrections to the target side when the incoming electron inter- acts with the up quark inside the proton. The explicit expressions for the vertex corrections can be found in Appendix C.
Box corrections, corresponding to Fig. 1(e) . These graphs generate ␦ Box e f in Eq. ͑11͒. The relevant diagrams are shown in Fig. 5 and Fig. 6 . The explicit expressions are given in Appendix C.
IV. R-PARITY VIOLATING CONTRIBUTIONS TO Q W f
When R parity is not conserved, new tree-level contributions to Q W e,p appear. The latter are generated by the (B ϪL)-violating superpotential:
where L i and Q i denote lepton and quark SU(2) L doublet superfields, E i , U i , and D i are singlet superfields and the i jk , etc. are a priori unknown couplings. In order to avoid unacceptably large contributions to the proton decay rate, we set the ⌬Bϭ " 0 couplings i jk Љ to zero. For simplicity, we also neglect the last term in Eq. ͑13͒. The purely leptonic terms ( 12k ) contribute to the electron scattering amplitudes via the normalization of NC amplitudes to G and through the definition of ŝ 2 ͓22͔. The remaining semileptonic, ⌬LϭϮ1 interactions ( i jk Ј ) give direct contributions to the eq scattering amplitudes. The latter may be obtained computing the Feynman amplitudes in Figs. 7͑b͒,7͑c͒ and preforming a Fierz reordering. In this manner one obtains the following effective four-fermion Lagrangian:
where we have taken ͉q 2 ͉ӶM f 2 and have retained only the terms relevant for the PVES scattering. Note the absence from Eq. ͑14͒ of the parity-violating contact four-electron interaction. It is straightforward to show that the superpotential in Eq. ͑13͒ can only produce parity-conserving contact interactions between identical leptons. Contributions from P R -violating interactions to low energy observables can be parametrized in terms of the following quantities:
with a similar definition for the primed quantities. In terms of ⌬ i jk , etc., one obtains for the relative shifts in the weak charges ͓22͔:
Ϸ0.35. ͑16͒
As discussed in Sec. V the quantities ⌬ i jk , etc. are constrained from other precision data. Since they are nonnegative, Eq. ͑16͒ indicates that the relative shift in Q W e is negative semidefinite. On the other hand, the relative shift in Q W p can have either sign depending on the relative magnitudes of ⌬ 12k , ⌬ 11k Ј , and ⌬ 1k1 Ј .
V. ANALYSIS OF THE SUSY CONTRIBUTIONS TO THE WEAK CHARGES
In order to evaluate the potential size of SUSY loop corrections, a set of about 3000 different combinations of SUSY-breaking parameters was generated, chosen randomly from a flat distribution in the soft SUSY mass parameters ͑independent for each generation͒ and in ln tan ␤. The former were bounded below by present collider limits and bounded above by 1000 GeV, corresponding to the O(TeV) naturalness limit. Also, tan ␤ was restricted to lie in the range 1.4Ͻtan ␤Ͻ60. These limits follow from the requirement that the third generation quark Yukawa couplings remain perturbative ͑small͒ up to the grand unified theory ͑GUT͒ scale. Left-right mixing among sfermions was allowed. In order to avoid unacceptably large flavor-changing neutral currents, no intergenerational sfermion mixing was permitted. The ranges over which the soft SUSY breaking parameters and tan ␤ were scanned are shown in Table I .
For each combination of parameters, we computed superpartner masses and mixing angles, which we then used as inputs for computing the radiative corrections. Only the parameters generating SUSY contributions to the muon anomalous magnetic moment consistent with the latest results ͓23͔ were considered. We also separately evaluated the corresponding contributions to the oblique parameters. The latter are tightly constrained from precision electroweak data. We rule out any parameter combination leading to values of S and T lying outside the present 95% confidence limit contour for these quantities. We note that this procedure is not entirely self-consistent, since we have not evaluated nonuniversal MSSM corrections to other precision electroweak observables before extracting oblique parameter constraints. As noted in Ref. ͓15͔, where MSSM corrections to Z-pole observables were evaluated using different models for SUSY-breaking mediation, non-universal effects can be as large as oblique corrections. Nevertheless, we expect our procedure to yield a reasonable estimate of the oblique parameter constraints. Since S and T do not dominate the lowenergy SUSY corrections ͑see below͒, our results depend only gently on the precise allowed ranges for these parameters.
In Fig. 8 (Q W e )-roughly the size of the proposed experimental errors for the two PVES measurements. Generally speaking, the magnitudes of ␦Q W e,p slowly increase with tan ␤ and decrease as SUSY mass parameters are increased. The largest effects occur when at least one superpartner is relatively light. An exception occurs in the presence of significant mass splitting between sfermions, which may lead to sizable contributions. However, such weak isospin-breaking effects also increase the magnitude of T, so their impact is bounded by oblique parameter constraints. This consideration has been implemented in arriving at Fig. 8 .
The effects of sfermion left-right mixing were studied separately. We observe that the presence or the absence of the mixing affects the distribution of points, but does not significantly change the range of possible corrections. For the situation of no left-right mixing, the points are more strongly clustered near the origin. Thus, while corrections of the order of several percent are possible in either case, large effects are more likely in the presence of left-right mixing. We find that ␦ SUSY is nearly always negative, corresponding to a reduction in the value of sin 2 W ef f (q 2 ) ϭ PV (q 2 )sin 2 W for the parity-violating electron scattering experiments ͓see Eq. ͑2͔͒. In this case, the degree of cancellation between 2I f 3 and Q f terms in Eq. ͑2͒ is reduced, yielding an increased magnitude of Q W f . Since this effect is identical for both Q W e and Q W p , the dominant effect of ␦ produces a linear correlation between the two weak charges. Some scatter around this line arises from non-universal effects in f ͑see Fig. 8͒ .
As illustrated in Fig. 10 , within ␦ SUSY itself, contributions from the various terms in Eq. ͑10͒ have comparable importance, with some degree of cancellation occurring between the effects of S and T. Thus, the oblique parameter approximation gives a rather poor description of the MSSM effects on the weak charges. In particular the quantity ␦ VB in Eq. ͑10͒ makes a significant contribution to ␦ SUSY . As evident from Fig. 8 The prospective ''diagnostic power'' of the two PVES measurements is further increased when one relaxes the assumption of P R conservation. Doing so leads to the tree-level corrections to the weak charges shown in Eq. ͑16͒. The quantities ⌬ i jk , etc. in Eqs. ͑15͒ and ͑16͒ are constrained from the existing precision data ͓22͔. A summary of the existing constraints-including the latest theoretical inputs into the extraction of Q W Cs from experiment ͓25͔-is given in Table II  of Ref. ͓11͔, which we partially reproduce here in Table II . We list the P R -violating contribution to four relevant precision observables: superallowed nuclear ␤ decay that constrains ͉V ud ͉ ͓26͔, atomic PV measurements of the cesium weak charge Q W Cs ͓2͔, the e/ ratio R e/ in l2 decays ͓27͔, and a comparison of the Fermi constant G with the appropriate combination of ␣, M Z , and sin 2 W ͓28͔. SUSY ͑dash-dotted line͒, from the vertex corrections ͑dotted line͒, and from the box graphs ͑open circles͒. The x axis gives the lepton superpartner mass, chosen to be the same for both left-and right-handed first and second generation sleptons. For this graph, tan ␤ϭ10, the gaugino soft mass parameters are 2M 1 ϭM 2 ϭϭ200 GeV, and masses of the third generation sleptons and of all squarks are 1000 GeV. For the experimental constraints on those quantities are given in the last column. We also list the P R -violating contributions to Fig. 8 .
Note that the sign requirements
͑15͔͒ truncate the initially elliptical curve to the shape shown in the figure. We observe that the prospective effects of P R non-conservation are quite distinct from SUSY loops. 
VI. CONCLUSIONS
A new generation of precise, PVES experiments are poised to probe a variety of scenarios for physics beyond the SM ͓4 -6,10͔. The sensitivity of these measurements to new physics is enhanced because the SM values for the electron and proton weak charges are suppressed and because theoretical uncertainties in the SM predictions are sufficiently small ͓6,10͔. Here, we have studied the ability of these measurements to shed new light on supersymmetric extensions of the SM. We have observed that in a P R -conserving version of the MSSM, the effects of SUSY loop corrections to the electron and proton weak charges are highly correlated and have the same relative sign ͑positive͒ compared to the SM prediction over nearly all the available MSSM parameter space. This correlation arises because the corrections are dominated by the SUSY loop contributions to sin 2 W ef f (q 2 )-a result that would not have been obvious in the absence of an explicit calculation. Moreover, the appearance of this correlation does not result from the adoption of any model for SUSY-breaking mediation, as we have undertaken a modelindependent analysis in this study. We also find that the impact of SUSY radiative corrections on the cesium weak charge are quite small, so that the present agreement of Q W Cs with the SM does not rule out potentially observable effects in PVES.
In contrast, the effects on Q W e and Q W p induced by new tree-level, P R violating SUSY interactions display a different behavior. Given the constraints from other precision electroweak observables, such as the Fermi constant, first row CKM unitarity, and Q W Cs , one would expect P R violation to cause a decrease in the size of Q W e . On the other hand, the magnitude of Q W p can change either way, with an increase being more likely. Moreover, the size of the P R violating corrections could be even larger than those induced by SUSY loops, particularly in the case of Q W p . Should measurements of the weak charges be consistent with this signature of P R violation, they could have important implications for the nature of cold dark matter ͑it would not be supersymmetric͒ and the nature of neutrinos ͑they would be Majorana fermions͒.
From either standpoint, should the PVES measurements deviate significantly from the SM predictions, one may be able to draw interesting conclusions about the character of SUSY. But what if both measurements turn out to be consistent with the SM? In this case, one would add further constraints to the possibility of P R violation, but only marginally constrain the MSSM parameter space based on possible loop effects. In the latter case, the impact on both Q W p and Q W e is dominated by ␦ sin 2 W ef f (q 2 ) SUSY . Although the projected, combined statistics of the two measurements would make them more sensitive to SUSY radiative corrections than either measurement would be independently, additional precision would be advantageous. In this respect, a possible future measurement of Q W e with a factor of two better precision than anticipated at SLAC would significantly enhance the ability of PVES to shed new light on SUSY. 
where the closure property Eq. ͑B4͒ was used together with
On the other hand, the gluino-induced wave function renormalization constants of the up quark have the form
where F 1 (m 1 ,m 2 ,m 3 ) is given by 
The vector and axial vector pieces can be readily read off from the above formulas. The radiative corrections to the up quark neutral current vertex are as follows ͑see Fig. 4͒ : 
Box graphs
Let us introduce the following notation:
R f i ϭ f͑ p i Ј͒␥ ͑ 1ϩ␥ 5 ͒ f ͑ p i ͒.
͑C13͒
As explicitly shown below, each box graph has the following structure:
͑ A e f L f 2 ϫL e1 ϩB e f R f 2 ϫR e1 ϩC e f R f 2 ϫL e1 ϩD e f L f 2 ϫR e1 ͒. ͑C14͒
To study the effects of the parity-violating electron scattering we need to pick only the term that has axial vector current on the projectile side e1 and the vector current on the target side f 2. Therefore, it is easily seen that the box diagram contribution to C 1 f is ͓see Eq. ͑11͔͒
␦ Box e f ϭϪ2͑ϪA e f ϩB e f ϪC e f ϩD e f ͒ ͑C15͒
in the above notation. The explicit expressions for the ee box graphs in Fig. 5 The box graphs for the electron-down quark scattering are easily obtained from the above expressions by replacing the target electron e2 with the down quark. Also, all quantities that have the running index j re to be replaced with the corresponding quantities for the first generation down squarks: g 0L e jn →g 0L d jn , etc. The box graphs for the electron-up quark scattering are shown in Fig. 6 . The graphs 6͑a͒ and 6͑b͒ are easily obtained from the corresponding graphs for the ee scattering by replacing all quantities that have the running index i with the corresponding quantities for the first up generation squarks: g 0L ein →g 0L uin , etc. The result for the last graph 6͑c͒ is
